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Abstract The traditional electromagnetic ranging is limited by the bottleneck of electronics,
and it is difficult to improve the working bandwidth further, leading to the finite accuracy of
system. In this paper, a microwave photonic ranging method based on electro-optic modula-
tion and linear frequency modulation de-chirp is proposed. Mach-Zehnder modulator (MZM)
is used to obtain the &= 1 order modulated sidebands, and the linear frequency modulation
(LFM) emission signal with doubled frequency is generated by photoelectric detector, which
can effectively improve the range resolution of the system. In the receiver, the linear frequen-

cy modulation de-chirp is applied to obtain the target distance via the frequency of the acquired
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IF signal. Therefore, the requirement on the sampling rate of the subsequent analog-digital

converter (ADC) can be greatly reduced. The basic knowledge about electro-optic modulation

and photoelectric detection is applied to microwave photon ranging, combining with the scien-

tific frontier. This is helpful to expand the teaching content, enhance the depth of teaching,

and cultivate students’ scientific literacy and practical capability.

Key words

tion; photoelectric detection

MBE 2 S 5 e AR AR A LB A5 B 7R A
b i A U B AR . AR R £
R PR P e B S i B e — 2R R 5. M
W R AT 5 32 L BE BRI T L ROAS AR A AL
(ELI SRS B2 AR A0 22, BN AR 7R 35, i
FES ARG L O T B ORG BE  ve  (H AR T B
J L HL6 TAR A — % 20K B AT ZE 5% A
1725 Bgf SR R O AT I RE L R D T
KGR R4 C2 ) 2 W T 30 L 42 | By 25
R AR A ] A LI | 25 v A2 T A o A A
SR LRI B A S A BE A DG
SR 32 BR T H, 1 25 A 2800 4 Fl, - s, 3 00 B ufe
DA — 2 5 Tt AR WA A0 5 . DA T XE A6 A2 X
T 5 W 5 35 W4 e ) S BR ORI L R B A
S0 B R R R LR A URE T A R R 4K
BRI 5, D T R e I 0 B R ol AT
Z PN IR P ORGEAL B, SR GEHEBN
S 2% o T G 0 B 7 Dl Jol v 7 A | i A Ak
HEGE A WO AR 5 R R I R AT B B AR L A5 S
TR £ AT JC 2 A% B L BRI BE R R RO 7 fF
o P T AR Iy 5k AR RE A I 4t AT kR
THRGER IR o W AR R U QAR R A7
T AT A1 2 R T S R I ) 1 i s

_____________________________________________

microwave photonic ranging; electro-optic modulation; linear frequency modula-

AR SO T — T 3 R O 9 ) A e R 2
R G DU B 3 R D kR A R I ] A
(MZM) FEG IR b X e P 8 Bt 15 5 25 47 28 38 40
XU IR ] 25 6 G B BRI g8 (PD) 347 F04 L 4R
B AS A R HE T . E W B RN [RD AR S
AT HOGTR L A By 2 vk R A 2 Ap A B, mT RIS H
P BB A DG 1 RO S . W S RO R R L O
P 400 25 L itk R0 1R S B 7 P 1) A e 0 B e, T
2 TR S th R R MZM . PD 1Y TAE B, JF
A SR & S5 R0 AT A Ak Y B A ) e B
TR LR R R S B L RT R A A R
SUREE A B TR 2R R R,

1 0K S 7 B8 R 38

B I IR 2R G0 A ALAE 5 7 A A
I 95 % 000 ASE B 5 43 A4 R, TR 1 PR . A
MZM1 BAT BB KA 2 C(AWG) & 1 A 28 vk A
WSS B E . MZMI S 4% o ol 6
GO0 43 N, — AR N R SHE S, ) — %
ERMIPE R 2205 S . RIE S SR K.
UEEJE A PDL F8 4K 75435 450 11 S 77 28t 18 A3
EReEiy. % 3 OOV A SRy SNy =R L]

—————————————————————————————————————————————

__________________________

1 Bt T IR R 48 i) 45 1 7 B

i MZM1 AT L K etk |
b — OC  EDFAl  PBF2 {\* - "\/\/\/\/\/\1 i
| N S — - H
! A ORI B N i PR
; BPFI : e PR, !
| A i PBF3 EA2 WWWW B
| EAL | ‘ T -
| - ! ! <E> EDFA2 1Y | BPR4 ESA
| S S AWG | S ) i
| PR R i MZM2 PD2 I g B

LD: 2 SR EOERR : AWG AT BB & A 2% s EA L FUEUK AR s BPF 2407 38 98 I 2% s MZM . T -5 48 R 98 11 &5 s PD o6 B 4800 2% 5
OC A 4% s EDFA AR EOGET UK % s ESA X



WS T Vol.32 No.2 2022

it MZM2 P8 B 2% 50E S L A A PD2 #1i
IEIEA0 R H A 5 38 F O D AR S B S A G
B B O H bR 5 R R R .
1.1 SHfk-BERAHRSEIERE

RG A MZM 52 3128 I 30 61 49 003t 7 9
il s MZM By &5 an & 2 BioR L 3l % MZM s 4
AR V(O M EL AR EAE T Ve HEIE TS %
3 I AR AE VA 0 U e R S AR A o
M, 7R P HEBE 45 0, ) 18 55 bt i 14 /R 3
M, B AGCE N E, () =E.e L f A
E o 43 3 6 3 0k 19 451 5 R0 9IR W AN 9K sh s i AR
BN V@) =V,cos2nrft), f F V, 505 b 0% AH
S AR MR S . U MZM B R OGS S T %R
A

2
E,. (D :gEi,, ()
|}/2§eimcos<2ﬂ//) ei% + 72€7imcos(2nj1) eiz:]

(D
;—ttEP,rn:TCV(J/V" ﬂ‘?ﬂﬁ%ﬂ?ﬁéﬁ,vn ﬂ‘jﬂé{ﬁEﬁﬂ__{’e
AR E R Ve 51AR) T B Z ] S48
{207,

40 Ve

Lyl — 8 Pl I 1 8 19 45 A

R S 0 s L R /N R[] s MZML 3 24
SRR TAERE . Y 0=n/2 B}, lHF MZM
AbFIEAE T AR A %k 2 (1) 47 Mk AT b —22 4% R f8
eI, A A OGS

E vz (0 :gE,,, (t) o

J]o (m) + 22 (— D", (m) [eiflnnfr te m;mﬁ] +1
n=1

40
{2 2 (— D], (m) I:eiﬂZn*l)n/‘t + ele(Zﬂfl)ﬂft] J
n=1

(2

I MZM i 645 5 v 40 5 400k L &5 BB i Aty
DL EAS B il =Ry, 2 0 == i), MZM T.
VETE e/ TAE A3 ey 13O 15 50

Eum @) =E, @)

+oo
Z (— 1)11] - (m) [6;2(27,—””; 1 e—i2<2n—1>xﬂ]
n=1

3
AL OGAR S P AR E A B A . Y 0= 2n
BF, MZM &b F 8 K TAE 5 5 0 O6AE 50
EMZM(f):_E,“(Z) .

-
[J o Gm) + 2 (— D", Gm) (" )]
n=1

4
BEES MZM i A5 5 v A 3 0 3505 DL B 18 2B
S HELTE 5% o
AU 3 e P ) MZML ) B O 3R R T
P TAETEAE WX, 7558 bRt g vt v,
AR S PR T A I R R L A S T
FERE,
1.2 —EHM&URMESHTE
AR VRS T e AR TR 1 R
TAEHAE TR AR AT R L B A MZM 2 A
A 5 B B OG R T Rom
Sfu)=f,+ Kt (5)
Hrp fo WEHRBES M RH%, K=8B/T
RERAE RN, T B 43 5 Sk £ P 0 A0 R I A5
S ARk R S A e
AU 2 R AAA 5 e — Tl 0 46 I o ) % 4
KRS B R T SEE S AR (S B A, A
MZM1 kb T /N TAE S B /MBS BT il
BT B W MZM1 % 55 il R N
E g (£) cc e ™ (6
MZM1 i H AT A & O AR fo+ f +B/2
M fo—fo—B/2 PR, HAG S 588
B, HiZfE S AT PD1 ] 523 £ 1 Mot
LA B0 R FHE SRR OC R T R
Fou (1) =2f, + 2Kt (7)
M B ZRT N K S 5 0 b A 3R A B 38 AR Sy R
e S M AL A 5 1 P A L ARAS T AR Sl &
SE5
1.3 A A S EE
4R B 2 P R A S A T AR R R B O R

2r(f —f, 1
e

N



WIS T Vol.32 No.2 2022

i [0 {5 5 B 00 06 &R T Rom hy
f.)=2f,+ 2Kt +Af (8)

Hr Af=2R/c,c HEZNHE,
Py g fE S & — b T OE 2 TAE A
MZM2 P BN RS HES L. ZIRIUMES
LA 1 Bl , MZM2 i % A5 5 v] 3%

NH
E vizme ()
JoGn e ™ e
o Jl (m1 )eih(/‘i/"”ﬂ")l +]] (ml )ei21‘</1‘7/mv/,)1 4
]l(ml)eizvc(/pL/,,,*/ )t +]l(MI)eiZW(/(Jr/’_“jL/V”
D)
Ay A 5 A O

20 (9) T, MZM2 19 i 433 b 40 55 5 5
N B OB fo— fo S fa WS 3B
W) fo—fo =1 B0 o+ Fo B9+ By SDG
fo=Fu—fSf ot T B TE R BE fo+
B =1 B f.— fo BOH1 B iESOER £ —f.,+
oot fo—f . & PD2 Al ¥ MZM2 % 5 5
EMF‘WM‘(:L%U?TE%

X FRATITER SR A 2 P LRy f o+ S,

K fo—fot o WPAGHH B, 5T # N K
SHES WS Z A, 5 & A5 5 19 98 D6
At TP Z 8 A7 76 i) R ZE B o, W A5 5 1
BEAS AR 56 RN E 3 FioR . Al UL B A5 5 310 S
Al LA B — A SR A R A RS S Af 1%
b FRAR 5T 1K S M AR A 1) B A e AR A S B 4
R TARS W BT 5 i R R 2 2 R B %
J7 35T R KA 5 22 ADC [ 2RFERELR

7

2(feto)

P 3 e At 2 N s

) ] H BE % s BPF4, 16 B | 3R B HR 174 1 A4~
el AR A S S S . I R RS S i A
RALLTHEBR R BRI R R N

R——Af (10)

2B

AL D 38 A 5 A S R R A S 0 B
Wi 2% A S BIVAT sz e ] i A5 5 1 B ] 48 B o, 2 T
A R ARAT bR R B
2 XWHERE5HWH

RGN 1 M8 T ML P RS, REE L
PEIE 4 FrR ., BB (LD f i %
K24 1550 nm . H#% K 14. 77 dBm HILER MG (E S,
A5 5 A% 3] MZM1 (Sumtomo, T-MXHI1. 5DP-
40PD-ADC-LV-S- O, E:Z B & 44 (AWG,
Tektronix 70002B) & $ 4 %}y 1 ~2GHz. 45 58 N
1GHz Y £ o W 0 15 5, 2 0 K UE ok )5 A H
MZM1 K¢ 54505 5 98 1 2] 6 800% 1, 897 MZM1
{18 L 00 PR P A T A B /N AR A B o 3R
P B BT R A S . MZML 1% OG0 E S
B R, Hoh — A G 3B MZM2 16 5%
5T 1A — WA B G A UK &R (EDFAD) #

— i S

fz

(ﬁ b i Ktk
(b)
4 OO T I R S
() BPEOE T BE RGEEAL A5 (b) SERREEI 45 S R il



WS T Vol.32 No.2 2022

TGO ) R 3 8 Ok #45 2F 17 98 3k . 9F 4 PD1
(CONQUER Inc, 10GH2) $45 A= B A5 45 /) & 5
55 i A AL 3% A T B H AR 0 B E B
A S A% 1030 15 5 20000 K O 0% 3 ok — A~ b T
IEZE TAE A MZM2 W H1 21 2% 655 L, &
PD2 14 [l i % 46 4 o A5 5, I 08 45 31 b A5 A5
S8 Hob A B Y (Keysight, N9020A) H W
e U EREAOF 6 A= |11 B = X L T E B <0 )
BER.

TREAAT 7 A A T R AR A 1 £ v 9 A
R G S AH 7R 8% (Tektronix, DPO 70604C)
R 2 45 5 A A3 AR S A0 L 25 SR AN TR 5 ()
(D FIR . G5 HG 55 WA %30 B 2~4GHz,
i 58N 2GHz, AT WLAF 5 B AR 3 43 ety 58 349728 A
iy AN ARSI 5 1 A

25 3 35 4 45

W /GHz
(@)
4 B3
3.6 10
N 0 m
5 32 2
b 1005
=28 =
-20
2.4 30
2
02 14 16 18 2 22 W
I al/ps
(b)
K 5

(a) ZAFBRMAE 5 M SRS I s (b AR BRI A5 5 Y A 4 1 1]

H TS BR & G 28 25 A0 R AT R D B A 4
FEHRI E A [ R 23 RGBS 5, T 51 Al
PR AREUE S . AR & G 2 s AR AT R
TSR 2 BUME S T A 1 4 AT R S 5, A
T 36 0F 48 P 80 43 25 AR 00 B8 5 v 0 T AT P SE IR A
2 0 B 45 SR A 6 T AR AN R Y TR A
SN S HESHEM Af N 38, 8192MHz, |52
B 75 H 45 K B 408, 9em L, iR E N 2. 2%, LI

ol 5 b A B K B IR 9 — Btk e T
AGNA .

20 25 30 35 40 45 350 35 60
$i#/MHz
EEL 205 A5 400 4% 4% I 55 A 0 B %

& 6

W5 E— 20 FF R 1 S B & S Y I B S I R
HL AR oy R G R S BRI R e I = AR S B,
B Ah) itz . 8 = A B 560 B i ' 3 IR e 4 i R
2§ 70. 0cm,100. Ocm, 130, Ocm LA & 150. Ocm Y
AL E AT IR PR SR A5 R SR 1 s, Al
UL PR B )R 2E N 1 9% I RIRZEM T

3.5 %, 22 W &R 45 HAT 5508 A R RS
R1 EREZHFHEMNMHMELR
=fik
70. 0 100.0 130.0 150.0
B /cm
AR
V(B 75/ 9.0020 13.0029 17.0038  20.0045
MHz
ST G5
67.7 97.8 127.9 150. 4
i /em
% 3.3% 2.2% 1.6% 0.27%

SN AN RS Ol I A R
EDFA1.BPF2 DL K& PD1 J& A ol 47 & 5, i 18
BE S HER A MZM2 |, SE B K55S
Z I AFAE — JE W0 UG A A 22 T 51 A — & 1
FRE2E . MOAh, SEH FREE AN FE E A 43 AT 10 1%
2 26 PR 2 5 i ) RS R

3 4iE

AR SCHR T — o 5 T f O R ) R A R A 2
AR BB T BT . A MZM S B
i B XU R £ I8 O H R S i 1 B Ot i
A A o AT ARATAF I 1) B 1 2V 98 LA 5 R

N\

131



|

WIS T Vol.32 No.2 2022

FAE N R GHE S . 2 H AR S IR B A B3 45 5
ﬁmﬁ%ﬂi’]ﬁ%ﬁ%%)'ﬁ%ﬁi,%A"ﬁEEﬁ%UU'Jﬁ:
B RLHAR S 5 228 A5 5 1 GV TR 2 R AL B il
A AR RO E S BIRT Sz AR AT H PRI RS B

A FH F BEASE DL PRI A 35 06k 28 4 Y ) AT 1
Ja s VL= RO 1R b, T R T S B i B S
B, A [ B9 07 B AT 1 R R L &5 R R T
R ZZIAE A AT B B MBS . %5 ik
TEDGI b7 A A A5 5 o DL 5 R AT B B 4R
I AT AT AR T AR G R RS JEE

SCHEES T L IR 't H B g LA T B Y
A R R s o AT AR B R B S, Tl A A A
S 58 H BN R 22 % B A ' R A A B A T
DAL LR S S R S AT A S A LA R TR
AR A R I R B N R A B
TARTF 2 B BL 7 2K IR M S B fE

& % x

[1] CAROTENUTOR. PEZZIMENTIF, CORTEFGD. et al.
Acoustic simulation for performance evaluation of ultrasonic
ranging systems[]J]. Electronics, 2021, 10(11), 1298.

[2] AGARWAL V. MURALIN V, CHANDRAMOULIC. A
cost-effective ultrasonic sensor-based driver-assistance sys-

tem for congested traffic conditions[ J]. IEEE Transactions

on Intelligent Transportation Systems, 2009, 10(3): 486-
498.
[3] ffam. =M BBOCHREREMHIRID]. HI/RE. B

IR T R 2. 2015,

[4] BRENNERA R, ENDERJ H G. Demonstration of advanced
reconnaissance techniques with the airborne SAR/GMTI
sensor PAMIR[]J]. IEE Proceedings-Radar, Sonar and Nav-
igation, 2006, 153(2) . 152-162.

[5] ULABYF T. LONGD G, BLACKWELLW ], et al. Micro-

wave radar and radiometric remote sensing[ M]. Ann Ar-

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

bor: University of Michigan Press, 2014.

ESSEN H, HAGELEN M, WAHLEN A, et al. ISAR ima-
ging of helicopters using millimeter wave radars[J]. Inter-
national Journal of Microwave and Wireless Technologies,
2009, 1(3): 171-178.
DICKMANN J, APPENRODT N, BLOECHERHL, et al.
Radar contribution to highly automated driving[ C]. 2014
IEEE 44th European Microwave Conference ( EuMC),
2014 1715-1718.
PINGJTK, LINGA E, QUANT J, et al. Generic un-
manned aerial vehicle (UAV) for civilian application-A fea-
sibility assessment and market survey on civilian application
for aerial imaging[ C]J. 2012 IEEE Conference on Sustain-
able Utilization and Development in Engineering and Tech-
nology, 2012: 289-294.
GONZALEZ-VALDES B, ALVAREZ Y,MANTZAVINOS
S, et al. Improving security screening: A comparison of
multistatic radar configurations for human body imaging[ ] ].
IEEE Antennas and Propagation Magazine, 2016, 58 (4):
35-47.
ALI F, BAUER G, VOSSIEK M. A rotating synthetic ap-
erture radar imaging concept for robot navigation [ J ].
IEEE Transactions on Microwave Theory and Techniques,
2014, 62(7):
CAPMANY J., NOVAK D. Microwave photonics com-

319-

1545-1553.

bines two worlds[]]. Nature Photonics, 2007, 1(6) :
330.

YAO J. Microwave photonics. Journal of Lightwave Tech-
nology[JJ. 2009, 27(3): 314-335.

MARPAUNG D, ROELOFFZEN C, HEIDEMAN R, et al.
Integrated microwave photonics[J]. Laser & Photonics
Reviews, 2013, 7(4): 506-538.

SR K. T T HOR 09 52 0 R 4 B R ik
[D]. FEat: B Rt s iR K 2F . 2018,

ZRTHR . FE T OSUOTAT S ik — G A 2K 9 ) 2% 1) B0k S IR A
EWPFELD]. JEat bRt Tk K%, 2018,





